Background/Aims: We investigated the associations among body mass index (BMI), insulin resistance, and β-cell function in Korean patients newly presenting with type 2 diabetes. Methods: In total, 132 patients with new-onset type 2 diabetes mellitus were investigated. A standard 75-g oral glucose tolerance test was performed, and the indices of insulin secretion and insulin resistance were calculated. Results: A higher BMI was associated with higher homeostasis model assessment values for insulin resistance (HOMA-IR), homeostasis model assessment of β-cell function (HOMA-β), and insulinogenic index as well as lower levels of insulin sensitivity index composite (ISI comp ) and disposition index (DI). In multiple regression models, BMI had independent positive associations with HOMA-IR, ISI comp , and HOMA-β and inverse associations with the DI. Conclusions: Our results showed that BMI had independent positive associations with indices of insulin resistance and an inverse association with β-cell function adjusted for insulin resistance in Korean patients newly presenting with type 2 diabetes.
INTRODUCTION
Type 2 diabetes, a heterogeneous disorder characterized by impaired insulin secretion and insulin resistance [1] , is closely related to obesity. Insulin resistance is a constant finding in patients with type 2 diabetes, and insulin resistance is present years before the onset of the disease [2] . Thus, when pancreatic β-cells fail to compensate for insulin resistance, hyperglycemia develops. However, an ethnic difference underlying the pathogenesis of type 2 diabetes mellitus appears to exist. Patients with type 2 diabetes in Korea are characteristically nonobese [3] , and Korean patients may show different clinical characteristics compared to Western patients with type 2 diabetes. Mounting evidence indicates that insulin secretory defects may be predominant properties in Korean patients with type 2 diabetes [4, 5] . Although several factors that lead to β-cell dysfunction have been suggested, the relationship between body mass index (BMI) and insulin secretion may be complicated by the impact of the associated insulin resistance on β-cell function. Several studies have reported that BMI was positively associated with endogenous insulin secretion as assessed by serum C-peptide response in type 2 diabetes [6, 7] . In addition, BMI has been suggested to be positively associated with the decreased insulin sensitivity in type 2 diabetes mellitus [8] . Thus, because BMI is directly related to insulin resistance and type 2 diabetes mellitus, the association between BMI and insulin secretion may be a concern in Korean patients with type 2 diabetes [8] . However, few analyses have been conducted to assess the changes in insulin secretion depending on BMI in Koreans. In the present study, we investigated the associations among BMI, insulin resistance, and β-cell function in Korean patients with new-onset type 2 diabetes.
METHODS
This study, conducted from February 2009 to January 2011, was approved by the local ethics committee, and all participants gave informed consent. In total, 132 patients with new-onset type 2 diabetes mellitus were investigated. Diabetes was diagnosed based on the criteria of the American Diabetes Association [9] . To avoid severe β-cell dysfunction and to exclude any change in insulin secretion or resistance due to medication, subjects were confined to having a < 3-month history of hyperglycemia and no history of taking medication that affected glucose metabolism. Subjects with a family history of diabetes in first-degree relatives or with positive glutamic acid decarboxylase (GAD) antibodies were also excluded. 
Statistical analysis
Statistical analysis was performed using SPSS version Table 1 shows the characteristics of the patients with type 2 diabetes in this study. The mean age of the subjects was 54.8 ± 9.7 years, and the mean BMI was 25 (Table 3 ). In addition, BMI was positively associated with log-transformed HOMA-β.
RESULTS
However, BMI was a negative correlate of log-transformed DI.
DISCUSSION
We found that in addition to a higher degree of insulin resistance, a higher BMI was associated with higher values of HOMA-β and IGI in patients with type 2 diabetes.
However, the higher BMI was associated with a lower DI.
Thus, our results demonstrated that BMI had independent inverse associations with β-cell function adjusted for insulin resistance as well as independent positive associations with indices of insulin resistance in Korean patients newly presenting with type 2 diabetes.
Various methods have been proposed for estimating insulin sensitivity and insulin secretion in vivo. The hyperinsulinemic euglycemic clamp is a standard tool for estimating insulin sensitivity, but the procedure is complex in clinical practice [14, 15] . The insulin sensitivity index, an ISI comp , obtained from the OGTT is a good surrogate measure of whole-body insulin sensitivity compared to the euglycemic clamp study [11] . The insulinogenic index, calculated as the ratio of the increment of plasma insulin to plasma glucose concentration 30 minutes after the OGTT, provides a parameter of early insulin response during the test [12] . The indices from OGTT data yield measures of dynamic insulin secretion and insulin sensitivity, whereas HOMA offers steady-state measures of insulin secretion and insulin sensitivity in the basal states.
HOMA-IR is a tool to estimate insulin sensitivity, which is closely correlated with the insulin resistance index as assessed by the euglycemic clamp [10] . HOMA-β provides good β-cell function estimation to prevailing glucose levels compared to the frequent sampling in the intravenous glucose tolerance test or the hyperglycemic clamp [10, 16] .
With changes to modern lifestyles in recent years, the prevalence of type 2 diabetes has increased in Korea. An increasing BMI is known to be a contributing factor for the development of type 2 diabetes mellitus in Korea as well as in other countries [17, 18] . Sung et al. [19] reported that obesity is a risk factor for type 2 diabetes mellitus, and that the relative risks for diabetes mellitus in subjects with a BMI of > 27 kg/m 2 were significantly higher than those with a BMI of < 23 kg/m 2 . Campbell and Carlson [20] demonstrated that BMI was negatively correlated with glucose disposal and positively associated with glucose production in type 2 diabetes mellitus. Chang et al. [8] also reported that BMI was the most important determinant of insulin resistance, even in nonobese patients with type 2 diabetes mellitus. In the present study, a higher BMI was associated with decreased insulin sensitivity, which supports the positive relationship between BMI and insulin resistance in type 2 diabetes mellitus [8] .
As insulin resistance increases, β-cells compensate by increasing insulin secretion, resulting in compensatory hyperinsulinemia and the maintenance of normal glucose tolerance [1] . In an autopsy-based study of individuals with normal glucose tolerance, a greater β-cell volume was found in obese individuals [21] . Yoon et al. [22] reported that type 2 diabetes was associated with reduced β-cell mass compared to BMI-matched normal subjects, but BMI was also positively correlated with relative β-cell volume in Korean patients with type 2 diabetes. These results suggest that increased BMI may be related to [24] reported that nonobese Swedes with type 2 diabetes had impairment in insulin secretion rather than decreased insulin sensitivity, whereas obese patients with diabetes had both impaired insulin action and secretion.
Park et al. [3] reported that nonobese Korean patients with type 2 diabetes had lower levels of fasting serum C-peptide compared to obese subjects. Chang et al. [8] also reported that insulin-sensitive patients with diabetes were associated with low HOMA-β. In the present study, patients with type 2 diabetes who had higher BMI also had increased values of HOMA-β and IGI. In addition, in the multivariate analysis and for indices of insulin resistance, BMI was a positive association for HOMA-β or IGI, similar to previous studies [6, 7, 22, 25] . However, as reported by Kahn et al. [13] , evaluation of β-cell function may require adjustment for insulin sensitivity. The DI, the composite measure of β-cell function, may reflect the true underlying cellular function. In the present study, as BMI increased, the DI decreased. In the multivariate analysis, BMI had an independent inverse association with the DI.
Thus, our results showed that when insulin sensitivity was also considered, BMI might be inversely associated with β-cell function, although BMI had a positive association with relative β-cell volume in Korean patients with type 2 diabetes as reported by Yoon et al. [22] . Thus, our findings may suggest that increasing BMI possibly contributes to further deterioration of β-cell function with associated increasing insulin resistance regardless of the presence of obesity in Korean patients with type 2 diabetes. However, further investigations are required to evaluate the direct relationship between β-cell function and mass with increasing BMI in such patients.
In conclusion, our results show that BMI had positive associations with indices of insulin resistance and inverse associations with β-cell function adjusted for insulin resistance in Korean patients newly presenting with type 2 diabetes. Thus, in clinical practice, managing body weight may be important even in nonobese patients with type 2 diabetes. Further studies are necessary to investigate the direct associations between β-cell function and β-cell mass with increasing BMI in nonobese and obese patients with type 2 diabetes.
